Factors such as school start times (Lui, Lui, Owens, & Kaplan, 2005; O'Malley & O'Malley, 2008) , extracurricular commitments (such as homework, part-time work, sport, and other activities; Carskadon, 2002; Lui et al., 2005; National Sleep Foundation, 2006) , and parent limit-setting practices (LeBourgeios et al., 2005; Short et al., 2011) may explain cross-cultural differences in adolescent sleep duration. Studies consistently show earlier school start times to be associated with less sleep due to earlier rise times (Carskadon et al., 1998; Lui et al., 2005; O'Malley & O'Malley, 2008; Thorleifsdottir, Bjornsson, Benediktsdottir, Gislason, & Kristbjarnarson, 2002; Wahlstrom, 2002) . High school start times in South Australian schools (where the adolescents from the Australian sample reside) range from approximately 8:20 a.m. to 9:00 a.m., whereas the Rhode Island school district (where the adolescents from the U.S. sample reside) have school start times of approximately 7:45 a.m. Thus, it is expected that later school start times in Australian high schools will be associated with more sleep among Australian adolescents compared with those from the United States.
The number of hours devoted to paid work, sports, homework, and other extracurricular activities increases during adolescence, and this pattern has been associated with less sleep (Adam, Snell, & Pendry, 2007; Brand, Beck, Gerber, Hatzinger, & Holsboer-Trachsler, 2009; Brand et al., 2010; Carskadon, 1990a; Lee, 2003; National Sleep Foundation, 2006; Robinson, Alexander, & Gradisar, 2008; Wolfson, 2002; Yang et al., 2005) . The present study will consider these activities together to examine the effect of extracurricular load on adolescent sleep. It is expected that greater extracurricular load will be associated with less total sleep. Last, parental involvement in regulating adolescent bedtimes may be a factor that increases the sleep of adolescents (Carskadon, 1990b; Gangwisch et al., 2010; Short et al., 2011) . Previous studies have reported that 5% of U.S. parents set the bedtime of their teen (Carskadon, 1990b) , compared with 17% of Australian parents (Short et al., 2011) . Thus, it is expected that parent-set bedtimes will account for some of the cross-cultural differences in sleep between U.S. and Australian adolescents.
The primary aim of this study is to examine whether earlier school start times, greater hours spent on extracurricular activities, and less parental involvement in setting bedtimes mediate the effect of country (Australia, United States) on school night sleep, as shown in Figure 1 . Specifically, we expect that U.S. adolescents will have earlier school start times, spend more hours on extracurricular activities, and have less parental involvement in setting bedtimes than will Australian adolescents and that these factors will be associated with shorter sleep duration in the U.S. adolescent group. As circadian chronotype may differ between countries (possibly due to differences in sleep timing and/or the length and intensity of exposure to daylight), circadian preference will also be assessed as a potential covariate.
Method Participants
The data collection protocols for the U.S. adolescents (Wolfson et al., 2003) and the Australian adolescents (Short et al., 2011) have been described previously. Data were collected from 1997 to 2000 from a nonprobability sample of 302 U.S. adolescents (106 males and 196 females) aged from 13.8 to 19.9 years (M = 16.03, SD = 1.19). Adolescents were in Grades 9 to 12 and came from five high schools in Rhode Island: one coeducational parochial high school, one independent girl's school, one independent coeducational school, one suburban public high school, and one urban public high school. Informed consent was obtained from either a parent (for participants aged less than 18 years) or from the participant, if they were aged 18 years and older. Students and parents were reimbursed for their time with gift certificates to local stores. Seventy-five percent of adolescents lived with both parents, and 80% of fathers and 53% of mothers were employed.
In Australia, data were collected from 2008 to 2010 from 385 adolescents (228 males and 157 females) aged 13.3 to 18.9 years (M = 15.57, SD = 0.95). Adolescents were in Years 9 to 11 and came from eight schools in South Australia. Stratified random sampling was used to select one school from each of eight strata spanning the socioeconomic spectrum. School principals, adolescents, and their parent/guardian gave informed consent. Participants were reimbursed for their time with a shopping center gift certificate. Seventy-seven percent of Australian adolescents lived with both parents, and 80% of fathers and 30.4% of mothers were in full-time employment. Response rate was 84%. Ethics approval was given by the E.P. Bradley Hospital Institutional Review Board for the Protection of Human Subjects, Flinders University Social and Behavioural Research Ethics Committee, and Department of Education and Children's Services. 
Measures and Procedure
As many of the mediators tested specifically related to the school week, sleep variables used were those on school nights (Sunday to Thursday nights), drawn from sleep diary data. Sleep duration was calculated as the time elapsed from sleep onset to sleep offset, excluding any wake periods during the night. Sleep diaries have shown good correspondence with the gold standard of sleep measurement, polysomnography (kappa = 0.87), with high sensitivity (92.3%) and specificity (95.6%; Rogers, Caruso, & Aldrich, 1993) . Actigraphic data were not reported for this sample due to concerns around the accuracy of actigraphic estimates of sleep in adolescents (Short et al., 2012) . School start time, hours spent on extracurricular activities, and parent-set bedtimes were assessed using items in the School Sleep Habits Survey (SSHS; Wolfson et al., 2003) . School start time was determined using the item, "What time do you need to arrive at school? List one time, not a range." Parentset bedtimes were determined using the item, "What is the main reason that you usually go to bed on school days? (pick one)" Eight possible responses were available, including "My parents have set my bedtime," "I feel sleepy," "I finish my homework," and "Other (please describe)." All responses other than "My parents have set my bedtime" were combined to form a dichotomous variable. Hours spent on extracurricular activities on school nights were calculated by summing the responses to four items relating to different extracurricular activities. These items were the following: "During the last week, did you work at a job for pay?" "During the last week, did you do any organized sport or regularly scheduled physical activity?" "During the last week, did you participate in organized extracurricular activities? [For example, committees, clubs, volunteer work, musical groups, church groups, etc.]" and "During the last week, did you study/do homework?" Participants indicated "yes" or "no" to these items, and if yes, they gave the number of hours that they spent on that extracurricular activity during the school week and during the weekend (separately). Only school week data were used for these analyses.
Circadian phase preference was measured using the Smith Morningness/Eveningness Questionnaire (SMEQ; Smith, Reilly, & Midkiff, 1989) . The SMEQ is a 13-item self-report questionnaire. Items included "Considering your own 'feeling best' rhythm, at what time would you go to bed if you were entirely free to plan your evening?" and "During the first half hour after having awakened in the morning, how tired do you feel?" Items were summed to give a total score ranging from 13 to 55, with higher scores indicating greater morningness.
Adolescents completed the SSHS and SMEQ during class time, followed by an 8-day sleep diary. Sleep diary data were used to calculate school-night sleep duration.
Statistical Analyses
Adolescents from Australia were compared with those from the United States in terms of sleep and demographic variables using between-subjects t tests or chi square analyses for nonparametric data. The mediation model was tested using the procedure outlined by Baron and Kenny (1986) . To test for mediation, the preconditions involving the mediators (school start time, parent-set bedtimes, and time spent on extracurricular activities) were tested to determine that they were individually related to both country (Australia vs. United States) and sleep duration. The precondition that country was significantly related to sleep duration was tested using a hierarchical regression analysis, with demographic covariates entered into Step 1 and country entered in Step 2. A second hierarchical regression analysis was performed, in which, after entering the covariates in Step 1, the mediator variables were entered into Step 2 to determine if they each explain a significant, unique amount of variance in sleep duration; then country was entered into Step 3.
Results
Australian and U.S. adolescents were compared on gender, age, school night sleep duration, school night bedtime, school day rise time, school start time, parent-set bedtime, circadian phase preference, and hours spent per school day on extracurricular activities. As seen in Table 1 , significant differences were observed between groups on all variables except school night bedtime and circadian preference. Of interest, school night bedtimes were similar despite the significantly earlier wake times for the U.S. adolescents and despite the fact that the U.S. adolescents were obtaining significantly less sleep. On average, U.S. adolescents obtained a significant 55 minutes less sleep per school night and started school 47 minutes earlier. U.S. adolescents were much less likely to have their bedtime set by a parent and spent an average of 1 hour 4 minutes more per school night on extracurricular activities.
Significant cultural differences were observed between Australian and U.S. adolescents with regard to school start time, parent-set bedtime, and extracurricular commitments, as shown in Table 1 . The relationships between school start time, parent-set bedtime, and extracurricular load and sleep duration were examined using Pearson's correlations for continuous mediator variables (school start time and extracurricular commitments) and a point-biserial correlation for parent-set bedtime. School night sleep duration was significantly correlated with school start time, r(628) = .29, p < .001, extracurricular commitments, r(628) = −.23, p < .001, and parent-set bedtimes, r pb (628) = .21, p < .001. The relationship between country and sleep duration is tested in the first hierarchical multiple regression, discussed below, and results shown in Table 2 confirm this relationship. Thus, all preconditions were met.
Due to significant differences between samples in terms of age and gender, the relations between these variables and sleep duration were tested using Pearson's correlation and point-biserial correlation, respectively. Sleep duration was significantly shorter in older adolescents, r(628) = −.23, p < .001, and among females, r pb (628) = −.19, p < .001. These demographic variables were controlled by entering them into
Step 1 of the hierarchical regression analyses.
Results of the first hierarchical regression, examining the relation between country (Australia, United States) and sleep duration, after controlling for age and gender, are shown in Table 2 . In Step 1, age and gender accounted for 8.1% of the variance in sleep duration, R 2 = .081, F(2, 622) = 27.34, p < .001. In Step 2, culture explained a significant 12.1% of the variance in sleep duration, after controlling for age and gender,R 2 change = .121, F change (1, 621) = 94.49, p < .001.
A second hierarchical multiple regression analysis was conducted to examine the variance in sleep duration explained by the mediator variables and to determine whether country continued to account for a significant amount of the variance in sleep duration after controlling for demographic and mediator variables (see Table 3 ). After controlling for age and gender, the mediator variables together explained a significant 8.6% of the variance in sleep duration in Step 2, R 2 change = .086, F change (3, 619) = 21.39, p < .001. Each mediator variable explained a significant amount of the variance in sleep duration when entered in Step 2. Beta coefficients indicated that school start time had the largest effect on sleep (1, 618) = 44.00, p < .001. While the proportion of the variance in sleep duration explained by culture was reduced after controlling for the mediator variables (5.5% vs. 12.1%), culture continued to explain a significant amount of the variance in sleep duration. These results are consistent with partial mediation of culture and sleep duration by school start time, parent-set bedtime, and extracurricular load.
Discussion
The current analyses sought to directly compare the school night sleep of adolescents from Australia and the United States and examine whether school start time, hours spent on extracurricular activities, and parent-set bedtimes would mediate the relationship between culture and sleep duration on school nights. After controlling for age and gender, Australian adolescents obtained an average of 47 more minutes of sleep per school night than their U.S. counterparts. Results indicated that school start time, parent-set bedtimes, and extracurricular load partially explain (mediate) the difference in the sleep duration between adolescents in Australia and those in the United States. Each mediator explained a significant and unique amount of variance when entered in
Step 2 of the hierarchical multiple regression. School start time had the largest impact on sleep, with an hour earlier school start time associated with a loss of 29 minutes sleep per night. Thus, for U.S. adolescents, whose schools started an average of 47 minutes earlier than the Australian adolescents, this difference was associated with 23 minutes less sleep per night. These findings are consistent with previous research that has highlighted the detrimental effect of earlier school start times on adolescent sleep (Carskadon et al., 1998; O'Malley & O'Malley, 2008; Wahlstrom, 2002) .
U.S. adolescents were also significantly less likely to report a parent-set bedtime (6.8%) than were Australian adolescents (17.5%). Absence of a parent-set bedtime on school nights was associated with a loss of 24 minutes of sleep per school night, consistent with previous findings (Meijer, Habekothe, & Van Den Wittenboer, 2001; Short et al., 2011) . Extracurricular workload on school days showed a weaker association with sleep duration, with every extra hour spent per day associated with 4 minutes less sleep per night. U.S. adolescents spent significantly more time fulfilling extracurricular commitments on school nights than did Australian adolescents (2 hours 41 minutes per day vs. 1 hour 37 minutes per day), resulting in an average sleep loss of just under 5 minutes per night. These results support previous research finding a detrimental effect on total sleep time of greater hours spent on homework and part-time work (Carskadon, 1990a; Noland, Price, Dake, & Telljohann, 2009; Wolfson, 2002; Yang et al., 2005) . We extend these findings by including all facets of extracurricular commitments, such as parttime work, homework, sport, and other activities.
Previous studies using objective measures of sleep provide support for the notion that adolescents obtain more sleep when given the chance through a longer sleep opportunity (Carskadon, Keenan, & Dement, 1987; Sadeh, Gruber, & Raviv, 2003) . Factors such as a later school start time, parental monitoring of bedtimes, and moderation in the number of hours spent on extracurricular activities are all likely to optimize sleep opportunity and so sleep. These factors have a cumulative effect. For adolescents who have a constellation of negative factors, such as an early school start time, no parent-set bedtime, and a heavy extracurricular load, the impact on their sleep and functioning is likely to be so detrimental as to present a significant negative impact. The present study also highlights that, while intrinsic biological influences (such as changes the circadian and sleep homeostatic systems) are important determinants of adolescent sleep and functioning, extrinsic factors are also influential and may moderate the effect of the biological changes to circadian timing, sleep duration, and daytime sleepiness.
Findings of the present study are consistent with Bronfenbrenner's ecological systems theory of human development and highlight the importance of taking a comprehensive approach to adolescent sleep (Bronfenbrenner, 1994) . This involved considering factors affecting adolescent sleep that spanned societal (school-start times), familial (parentset bedtimes), and individual factors (extracurricular load). Of course, these factors do not occur in isolation and are likely to interact in their effects. For example, public policy regarding education (particularly the availability of tertiary education opportunities) has an impact on families (the family pressure to succeed and spend long hours committed to study), which has an impact on adolescents (time spent studying and anxiety around school performance). In terms of applied ramifications, these results highlight the possible protective benefit of later school start times and the importance of protecting sleep opportunity in the morning. Any factors that demand early rise times are likely to have a negative impact on sleep duration, particularly in light of the strong biological tendency of adolescents to delay sleep. This study provides further support that U.S. adolescents would benefit from later school start times. Later school start times have been trialed or implemented in some U.S. school districts; however, this practice has yet to become widespread. Early school start times as well as early morning sport training or study may have a negative effect on sleep and flow-on effects to daytime alertness and functioning. As discussed previously, parental help in maintaining a limit on late night activities may similarly have a protective role.
Limitations of the Present Study
The primary limitation of this study is that it relies on crosssectional data. As such, causation cannot be determined. The results were, however, consistent with the hypothesized mediation. Second, the timing of the data collection differed by several years between the two countries. U.S. data collection occurred between 1997 and 2000 and Australian data collection occurred between 2008 and 2010. While school night sleep may have changed among U.S. adolescents during this time, this change is likely to have resulted in less school night sleep, consistent with other studies reporting secular declines in adolescent sleep over time (Dollman, Ridley, Olds, & Lowe, 2007; Iglowstein, Jenni, Molinari, & Largo, 2003) . Thus, the difference between the two groups is likely to have only heightened across this time. Third, there are many different aspects of culture that may affect sleep. Factors such as sleep hygiene may further help explain the difference in sleep duration between the Australian and U.S. adolescents, similar to the findings of LeBourgeios et al. (2005) when comparing U.S and Italian adolescents. Among teens, the aspects of sleep hygiene that may be especially pertinent are in regard to engaging in stimulating activities before attempting to initiate sleep. In particular, the use of electronic media and mobile phones, both before bed and while in bed, may affect sleep onset latencies and sleep duration (Cain & Gradisar, 2010; Johnson, Cohen, Casen, First, & Brook, 2004) . The present study may have benefited from the inclusion of a measure of sleep hygiene, as well as a measure of technology use, to examine this empirically. Differences in the length and intensity of exposure to daylight may also partially explain differences in sleep patterns between countries. Last, adolescents came from within one state of each country; therefore, there may be differences between each sample and the adolescents from other states that limit the generalizability of these findings.
Finally, while we have seen that a number of differences distinguish adolescents in the United States and those in Australia (parent-set bedtimes, school start time, and extracurricular load), the two countries are likely to be similar in many ways. For example, the United States and Australia are in the World Bank's most affluent range. Adolescents in lessdeveloped lower income nations are underrepresented in sleep research, and future research would benefit from broadening the cultures and countries on which we have normative sleep data and comparing more divergent cultures cross-culturally.
Concluding Remarks
The present study has shown how cultural differences in school start times, parent-set bedtimes, and extracurricular load partially explains the increased sleep duration in Australian adolescents compared with those in the United States. While biologically driven pubertal changes result in a greater propensity toward phase delay and later bedtimes and wake times, this propensity can be moderated by sociocultural norms and practices. Considering the important effects of insufficient sleep, the protection of adolescent sleep needs to be considered across multiple domains.
